Breastfeeding has been regarded first and foremost as a means of nutrition for infants, providing essential components for their unique growth and developmental requirements. However, breast milk is also rich in immunologic factors, highlighting its importance as a mediator of protection. In accordance with its evolutionary origin, the mammary gland offers via the breastfeeding route continuation of the maternal to infant immunologic support established in utero. At birth, the infant's immune system is immature, and although it was exposed to the maternal microbial flora during pregnancy, it experiences an abrupt change in its microbial environment during and after birth, which is challenging and renders the infant highly susceptible to infection. Active and passive immunity protects the infant via breast milk, which is rich in immunoglobulins, lactoferrin, lysozyme, cytokines, and numerous other immunologic factors, including maternal leukocytes. Breast milk leukocytes provide active immunity and promote development of immunocompetence in the infant. Additionally, it has been speculated that they play a role in the protection of the mammary gland from infection. Leukocytes are thought to exert these functions via phagocytosis, secretion of antimicrobial factors and/or antigen presentation in both the mammary gland and the gastrointestinal tract of the infant, and also in other infant tissues, where they are transported via the systemic circulation. Recently, it has been demonstrated that breast milk leukocytes respond dynamically to maternal as well as infant infections, and are fewer in nonexclusively compared with exclusively breastfeeding dyads, further emphasizing their importance for both the mother and infant. This review summarizes the current knowledge of human milk leukocytes and factors influencing them, and presents recent novel findings supporting their potential as a diagnostic marker for infections of the lactating breast and of the breastfed infant. Adv Nutr 2015;6:267-275.
Introduction
Breast milk is far more than just a nutrient supply ensuring appropriate growth of the young. It is a complex and dynamic fluid that constitutes the sole source of nutrition for and developmental programming and protection of the neonate. Lactation may continue for from a few weeks to up to several years, with longer lactations tending to be common in women in developing countries (1, 2) or in mammals residing in tropical regions (3) . Indeed, breast milk biomolecules, as well as the practice of breastfeeding, have been associated with early life developmental programming, conferring not only short-term effects, such as control of feeding behavior and infant growth (4), but also long-term benefits, including accelerated neurocognitive function (5) and protection against later overweight and obesity, hyperlipidemia, hypertension, type 2 diabetes, and atopic disease (6) . Although other animals such as pigeons, sharks, salamanders, and skinks use bodily secretions to nourish their young, the complex and dynamic composition of milk is unique to the class Mammalia, conferring evolutionary conserved functions critical for the survival of the young mammal (3, 7) .
Considering the ancestral origin of the mammary gland from sebaceous skin glands, it is not surprising that one of the primary functions of breastfeeding is the immunologic support and protection of the otherwise susceptible young. Oftedal (8) first discussed the origin of the mammary gland from an ancestral apocrine-like gland associated with hair follicles. He suggested that secretion of the milk precursor from these glands was a mechanism favored by natural selection because of its ability to prevent desiccation and microbial attack of the parchment-shelled eggs of the synapsids (3, 8, 9) . Shortly after Oftedal, the immunologic importance of mammary gland evolution was revived by Vorbach et al. (10) , who reported on the molecular synergy between the innate immune system and milk composition (10). Vorbach et al. supported the origin of the mammary gland and milk from skin glands secreting mucous substances rich in antimicrobial factors in response to infection of damaged skin. Key immunologic factors present in these early secretions, such as xanthine oxidoreductase and lysozyme, formed the biochemical basis for the main nutritional components of milk (11, 12) . Based on the innovative work of Oftedal and Vorbach et al., it is now widely accepted that the ancestral mammary gland was protective in its function, and subsequently evolved to also nourish the young (3) . Further, the protective components of milk remain highly conserved to date.
At birth, the infant's immune system is still immature (13) and will be challenged by microbes to which it has not been exposed. Through breastfeeding, the transfer of immune factors from the mother to the infant, which starts in utero, continues postnatally (14, 15) . These maternal factors protect the infant from infections and assist in the development of the infant's intestinal mucosa, gut microflora, and own defenses (16) (17) (18) (19) . Accumulating evidence demonstrates the substantial impact of breastfeeding on decreasing the risk of many acute and chronic diseases (20) (21) (22) (23) . Breastfed infants have a lower risk of necrotising enterocolitis and reduced susceptibility to gastrointestinal, respiratory, and other infections than formula-fed infants (6, 14, 16, (23) (24) (25) . These benefits result in substantial reductions in infant and child mortality, particularly in the developing world (6, 26) .
Although the exact mechanisms of these immunomodulatory effects are still not well understood (27, 28) , both the biochemical and cellular components of breast milk are thought to mediate its protective functions. These include maternal leukocytes and biomolecules with antimicrobial, anti-inflammatory, antioxidant and prebiotic activities (21, (29) (30) (31) . Indeed, new proteins with immune functions are continually discovered in breast milk (32, 33) . Milk immunoreactive biomolecules, such as secretory IgA, IgM, IgG, lactoferrin, lysozyme, and to a lesser extent cytokines, have been rigorously examined and have been the subject of previous reviews (27, 34) . This review will focus on breast milk leukocytes, known differences between the milks of different mammals, factors influencing the content of human milk in leukocytes, and potential pathways through which they confer active immunity to the infant, as well as protect the mammary gland from infection.
The Cellular Nature of Human Milk
Attempts to classify the maternal cells of breast milk into known categories have been made by many investigators since the 17th century (35) (36) (37) (38) . However, these were primarily suggestions and not firm conclusions because of the technologic and microscopic limitations of the era. They included the mesenchymal, the immune, and the epithelial subtypes, alone or in combination (39) (40) (41) (42) (43) (44) (45) . A major hurdle during this period was the lack of knowledge about factors that influence the cellular composition of breast milk, such as the stage of lactation or the health status of the mother and infant, which may have contributed to the classification controversy between early investigators. In the mid-20th century, Smith and Goldman (46, 47) and Holmquist and Papanicolaou (48, 49) revealed that colostrum is rich in leukocytes, but that it also contains epithelial cells. It was then that mammary secretions were used to noninvasively access cells from the mammary epithelium, not only in healthy lactating women, but also in women with breast cancer. This initiative emphasized for the first time the importance of mammary secretions, including breast milk, as a valuable tool for the study of both the normal biology of the breast, particularly during lactation, and breast malignancy and pathology (31) , which has been further recognized more recently (7, 31, 50, 51) . In the last decade, early observations of a cellular hierarchy in breast milk were confirmed by the discovery and characterization of stem and progenitor cells (31, (52) (53) (54) . This topic is reviewed by Hassiotou and Hartmann (55) . Whereas it is now well accepted that human milk contains epithelial cells and leukocytes, recent advances are revealing how dynamic the cellular content and composition of human milk is, how different it is from other species' milks, and that it comprises a complex cellular hierarchy including breast-derived and blood-derived cells. Of the latter, the most abundant and most studied cell type is the leukocyte ( Figure 1 ).
The Breast Milk Leukocyte
Leukocytes migrate to the breast via the lymphatic vessels and systemic circulation (56) . From there, they are believed to enter the lumen of alveoli via the paracellular pathway (7) . Functional studies have demonstrated differences between breast milk and blood leukocytes, where breast milk T cells and macrophages appear to be more motile than their blood counterparts (57) (58) (59) (60) (61) , suggesting a selective migration of leukocytes from the maternal circulation into milk (62) and/or selective alterations of leukocyte properties while in the breast. This may be important for their upcoming transfer to, safety, and/or function in the infant. It has been shown recently that colostrum contains a distinct distribution of lymphocytes compared with maternal peripheral blood (62) . Colostrum lymphocytes are enriched in subsets with effector functions, as well as in antigen-experienced human leukocyte antigen (HLA)2DR+ and CD 57+ T lymphocytes, indicating transfer of innate immunity from the mother to the infant to ensure a rapid and specific response to pathogens.
In earlier years, investigations of the breast milk leukocyte originated from scientific curiosity of these mysterious cells present in milk. Because of a number of factors mentioned previously that may have contributed to the biased sampling of leukocyte-rich milks, such as human colostrum and bovine milk, the leukocyte soon became the center of attention of milk cell research (19) . Its potential importance in providing active immunity to the infant was also likely a driving force. Intensive studies in human milk demonstrated that, similar to blood, leukocytes in milk comprise various subtypes including granulocytes and mononuclear leukocytes such as lymphocytes, monocytes, and macrophages (19, 46, 47, 56, 63, 64) . Macrophages are the predominant leukocytes in human colostrum (40-50% of total leukocytes), followed by polymorphonuclear neutrophils (40-50% of total leukocytes) and lymphocytes (5-10% of total leukocytes) (31, 56, 65, 66) . T cells constitute the majority of lymphocytes (~83%) over B cells (4-6%) (31, 56, 66) . The proportions of leukocyte subtypes in mature human milk are less well studied, particularly in relation to the health status of the mother-infant dyad. Studies indicate that most leukocytes, are activated in breast milk (thus are positive for CD45RO) (19, 64, 67) , whereas infections such as mastitis or infant conditions alter the leukocyte profile of human milk in an infection-specific manner (19, 68) . Clearly, this area merits further investigation, showing diagnostic potential. Flow cytometric analyses with the use of the known CD profile of leukocyte subtypes and optimized for milk leukocytes ( Table 1 ) will be crucial in progressing the field.
Although these leukocyte subtypes are typically found in all mammalian milks, both leukocyte content and composition can substantially differ between species. Among different mammals, the milk leukocyte content can be influenced by genetics associated with different mammary anatomy, the evolutionary physiology of lactation and milk secretion, and environmental factors such as systematic milking (31).
Boutinaud and Jammes (69) elegantly summarized differences in milk leukocyte and epithelial contents between different mammals, illustrating that bovine, ovine, caprine and porcine milks all contain substantially more leukocytes than human milk, with porcine milk being perhaps the closest of these 4 to human milk. It is important to recognize that, in contrast with women, dairy cows are both selected and milked to produce milk volumes at their highest physiologic capacity, which may partially explain the differing leukocyte contents of human and bovine milk. Within a species, differences also exist in leukocyte content and composition because of a range of factors that require further study.
Factors Influencing the Leukocytic Content of Human Milk
Great variability can be seen in the literature on breast milk leukocyte content in women. This may be partially attributed to differences in the methodologies employed, and the absence of control for factors that could influence the cellular content of milk. It was not until recently that flow cytometry started to replace morphology-based analyses of the cell content of human milk, yielding vastly different results. Ironically, as early as 1953, Engel (43) cautioned the analysis of milk cells, emphasizing that some leukocytes in milk share morphologic characteristics with epithelial cells. Indeed, the early term "foam cells" was used for cells that displayed traits shared between leukocytes and epithelial cells, such as lipid droplets, a large nucleus or multinucleation, and cytoplasmic vacuolation (31) . Reportedly, published ranges of breast milk leukocyte content are likely to be overestimated and the epithelial content underestimated in cases in which basic microscopic examinations were used (31) . In addition, flow cytometric analysis of milk leukocytes should be applied in an optimal and standardized manner with the use of appropriate milk cell controls instead of blood controls to account for the heterogeneous nature of milk cell content and the known differences between milk and blood leukocytes (7, 19) . Therefore, employing accurate and consistent methodology is vital in both illuminating leukocyte content and composition of milk and describing true population variability. To date, research with the use of flow cytometric analysis has revealed 2 key factors that influence leukocyte populations in human milk: the stage of lactation and the health status of the breastfeeding dyad. Earlier studies showed that changes during the menstrual cycle related FIGURE 1 Leukocytes in human milk are influenced by the stage of lactation. The immunofluorescence confocal micrograph shows a breast milk leukocyte stained for CD45 (pan-immune surface marker) and DAPI. The flow cytometry histograms demonstrates the decrease in the total population of CD45+ leukocytes (percentage of total cells) from colostrum to transitional milk to mature breast milk when both the mother and infant are healthy. DAPI, 49,6-diamidino-2-phenylindole. Adapted with permission from (19) . to ovulation increase the permeability of the mammary epithelium (70) , which is consistent with the increase in milk leukocyte content we have observed in this period (F Hassiotou, unpublished data, 2010). Although there has been no study of dietary influences on the leukocyte content of breast milk, this is worthwhile to investigate, particularly in the area of food allergens. Breast milk leukocyte content is known to show a small but significant increase during the systemic allergic response associated with hay fever (71), indicating that a systemic inflammatory response to specific nutrients might be detectable in the breast milk of lactating women. Generally, the diet of women does not adversely affect the composition of breast milk except with respect to micronutrients (72) . However, during stages of lactation in which the permeability of the breast is increased, such as at secretory differentiation before secretory activation (7), it is possible that leukocyte numbers might increase due to the opening of the tight junctions between lactocytes (7). These are areas that warrant further investigation.
Stage of lactation. The leukocyte content of colostrum varies in women from~13.2% to 70.4% of total cells (19) . This translates to~32,175-784,080 viable leukocytes per mL of colostrum (19) . Remarkably, although colostrum has always been found to contain a considerable number of leukocytes, transitional and mature milk are characterized by very low leukocyte content when both the mother and the infant are healthy (Figure 1) (19, 31) . We have previously shown that toward the end of week 1 postpartum, leukocyte numbers rapidly decrease to reach a baseline level in transitional milk (0-1.7% leukocytes of total milk cells; 0-3450 viable leukocytes/mL milk) and mature breast milk (0-1.5% leukocytes of total milk cells; 0-1151 viable leukocytes/mL milk) that is maintained except during periods of infection (19) . This low baseline concentration of leukocytes in mature breast milk fluctuates within certain limits (0-2% leukocytes of total milk cells) both between and within individuals, and is observed even at late lactation stages (years 2-4 postpartum) (19, 73) . It is of note that in our studies we have consistently measured low leukocyte counts at late lactation stages. Although it has been previously suggested that involution is associated with recruitment of leukocytes into the mammary gland, it is possible that these women are still producing substantial volumes of milk (74) . Although the total cell content of breast milk, as well as concentrations of biochemical immune factors, do increase in involution milk, its leukocyte content does not appear to respond in this way. This observation is in agreement with studies demonstrating that cells from the epithelial compartment mediate clearing of apoptotic lactocytes via phagocytosis in the involuting gland (75) (76) (77) , and requires further investigation. These data were based on flow cytometric staining with the use of the pan-immune marker CD45, which is known to be expressed only by immune cells. This is a fundamental consideration when selecting panels of markers for flow cytometric analysis of milk cell subpopulations. Importantly, it has been shown that other known immune markers, such as CD14, are also expressed by mammary epithelial cells (31, 78, 79) and must therefore always be used in conjunction with CD45 to accurately identify leukocytes. Moreover, development of specific gating strategies for milk leukocytic populations, as well as exclusion of interference by dead or dying cells and fat globules, can contribute to the correct identification of different subpopulations of cells in breast milk (19, 31) and facilitate the study of factors influencing them.
Infection. Bryan et al. (80) provided evidence suggesting that the health status of both the mother and the infant may influence breast milk cellular content, revealing an immunologic connection between mothers and their infants during breastfeeding. We have recently shown that in established lactation, breast milk leukocytes are maintained at low concentrations (0-2%), provided both mother and infant are healthy. However, during periods of infection of either the mother or the infant or both, leukocyte concentrations consistently and rapidly increase, returning to baseline concentrations upon recovery ( Figure 2) (19, 81) . Infections that have been shown to stimulate a leukocytic response in breast milk include bacterial, viral, or fungal infections ranging from maternal conditions such as hay fever, systemic infections (influenza), breast conditions (nipple pain, blocked ducts, or mastitis), other organ infections [respiratory, gastrointestinal tract (GIT), ear, or eye infections] to infant conditions such as influenza, measles, or GIT infections.
Interestingly, statistically significant responses have been observed also when the mother is asymptomatic but the infant has an infection such as a respiratory infection, a GIT infection, or roseola infantum (19) . Similar findings were previously reported for the breast milk of mothers whose infants were hospitalized with bronchiolitis, showing greater numbers of viable cells that displayed skewed cytokine response to live respiratory syncytial virus, the major organism responsible for bronchiolitis (80) . It cannot be discounted that infants with either respiratory or GIT infections may infect their mother, causing an asymptomatic maternal immune response with subsequent passage of greater numbers of leukocytes into her breast milk (19) . However, this is unlikely for infants with localized or bacterial infections. Although the maternal breast response to infant infection is not fully understood, we have proposed that the retrograde ductal flow associated with milk ejection during breastfeeding (82) is a route for the transfer of pathogens from the infant's oral cavity to the mother's breast via the nipple, which may locally stimulate an immune response in the breast (19, 31) . Clearly, the specific response of breast milk leukocytes to the infant's infection demonstrates that these cells may play important functions for the offspring.
Function of Breast Milk Leukocytes for the Infant
Arguably, breastfeeding is the optimal and most effective avenue of immunologic protection of the infant (21, (83) (84) (85) . This protection is both cellular and molecular. Breast milk contains molecules that are both antibacterial and antiviral. Antimicrobial components include Igs (secretory IgA, IgG, and IgM), lactoferrin, lactoferricin B and H, lysozyme, and actoperoxidase (86) , which appear to act synergistically with antibodies (87) . These proteins have been believed to be relatively resistant to proteolysis in the gut; however, a recent study showed that the 200 peptides present in the breast milk of 3 mothers increased up to 649 in the gastric aspirates of their infants, most of which were shown to be bioactive (88) . This suggests that the by-products of these proteins may be just as important to the infant as the parent protein.
With regard to antiviral components of milk, some substances, such as lactoferrin, have antiviral effects in addition to their antibacterial properties. Indeed, lactoferrin (89) and tenascin-C (90) have been shown to inactivate the HIV-1 virus. Similarly, higher concentrations of human milk oligosaccharides are associated with reduced transmission of HIV to the human infant (91) . Human milk has also been shown to reduce transmission of other maternal viruses, such as hepatitis C (92), and to protect the infant from viruses such as reovirus (93) . Moreover, although the antimicrobial and antiviral components of milk benefit the infant enormously, it is likely that the mammary gland is also afforded a degree of protection.
It has been proposed that biochemical immunologic components may act synergistically with breast milk leukocytes to directly or indirectly increase infant immunity (e.g., modifying the microenvironment of the infant gut) (19, 31) . Notably, in the majority of freshly expressed breast milk samples, >90% of total milk cells are viable. Of these, up to 2% are leukocytes when the breastfeeding dyad is healthy. Given the known cellular content of human milk of 10,000-13 million cells/mL (31) and the normal daily breast milk consumption range of 470-1350 mL (94) , it can be estimated that human milk contains~200-260,000 leukocytes/mL, and that normally breastfed infants receive~94,000-351 million leukocytes from breast milk on a daily basis, of which >90% are viable and can exert immunomodulatory functions. During periods of infection of either the mother or the infant, the number of leukocytes ingested daily by breastfed infants can reach the billions. Mechanisms that prevent the infant's immune system from attacking maternal breast milk cells and, conversely, the mother's breast milk leukocytes from attacking infant tissues have likely evolved over time, but very little is known about this, warranting further research in this area.
Studies so far indicate that maternal breast milk-derived leukocytes provide active immunity to the infant, both assisting the development of its own immune system and fighting pathogens directly. These leukocytic functions are exerted via phagocytosis, secretion of antimicrobial factors such as cytokines and Igs, or antigen presentation (21-23, 34, 64, 95) , and are performed not only inside the gastrointestinal tract of the infant, but also in distant tissues to which leukocytes are transferred via the systemic circulation. Indeed, breast milk leukocytes have been shown to be activated, motile, and interactive (19, 46, 47, 64) . In vivo studies in animal models have elegantly demonstrated active breast milk leukocyte transfer through the intestinal mucosa into the blood circulation of the young, and movement to and engraftment in different organs, including the mesenteric nodes, liver, and spleen (15, 30, 57, 95, 96) .
It will be of interest to examine whether the immune system and health of infants fed formula, which does not include any viable cells, are in any way compromised specifically by the lack of maternal breast milk leukocytic support in the short-and/or long term compared with infants fed fresh breast milk. Previous studies have investigated the immune function of breastfed vs. formula-fed infants and have evidently shown higher infection rates in infants fed formula than in those fed breast milk (6, 14, 16, 20, (23) (24) (25) 97) . Although the long-term health of breastfed infants is also better than that of formula fed infants, this has been in part attributed to early life programming during pregnancy and lactation (4, (21) (22) (23) . Education and maturation of the infant's immune system via breast milk likely plays a major role in this process. However, it is still unclear to what extent these effects are mediated by leukocytes or other immune factors, such as secretory IgA, lactoferrin, and others (13, 16, (20) (21) (22) (23) (24) (25) that are contained in breast milk but are absent in artificial formulas. In this respect, it is of note that mothers of exclusively breastfed infants have higher baseline leukocyte counts in their breast milk than those who are not exclusively feeding breast milk (19) .
A New Diagnostic Tool
Breast milk leukocytes not only function in the young, but they also protect the mammary gland from infection during lactation (98) . In this period, inadequate emptying of the breast, blockage of ducts, microbial invasion, or trauma can cause inflammation in the mammary gland, often resulting in severe mastitis, abscess, and septicemia (98, 99) . These conditions cause an increased influx of leukocytes to mammary infection sites; many of these cells pass into milk and are protective (64, 98) . Even milder breast conditions, such as nipple pain or sore breast, can stimulate recruitment of leukocytes in the breast. This is rapid and
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can be seen at its maximum during episodes of mastitis, at which time up to 95% or more of total milk cells are leukocytes (19) . These include predominantly monocytes and macrophages, but also dendritic cells, T helper cells, cytotoxic T cells, natural killer cells, and a small population of B lymphocytes ( Figure 3) . They contain activated cell subsets that respond to viral antigens and leucoagglutinin PHA-L (PHA) in culture, showing an increased proliferation rate and altered expression of IL-6, IL-17A, IFN-g, and TNF-a (19) . Although biochemical immune factors (e.g., secretory IgA, IgG, IgM, and lactoferrin) in breast milk generally respond to breast infections, the most consistent and rapid response is that of the leukocytes, suggesting that they could be used diagnostically.
When treatment of mastitis is delayed, we have observed a corresponding delay in the reduction of leukocyte concentrations, suggesting that the health status of the breast is directly mirrored in the breast milk leukocyte content. Interestingly, milder breast conditions such as sore nipple or breast and blocked ducts showed less dramatic responses, further supporting the notion that the maternal response is protective of further infection of the breast. More importantly, the marked difference in the leukocyte response between mild conditions and mastitis highlights the potential for a new diagnostic test for the lactating breast (19, 68) .
In women, no clinical test exists to assess the health status of the lactating breast, despite the fact that it is a metabolically important organ in the body requiring >25% of the caloric energy consumed daily (100). The leukocyte status of human breast milk provides a novel tool to assess the health status of the lactating breast, given that it rapidly and specifically responds to different infections, with an equally rapid return to its normal baseline concentration upon recovery. It even provides a simple means through which to test the efficacy of medication, allowing for timely adjustment and management of breast infections. Because of multibillion dollar losses it incurs annually from mastitis of the dairy cow, the dairy industry routinely has been using similar tests to assess the quality of cow milk and the presence of intramammary infection, e.g., the California Mastitis Test (101, 102) . This test measures the somatic cell count, which corresponds to the total number of milk cells. In the dairy cow, this accurately reflects an increase in leukocyte numbers, because 1) the majority of bovine milk cells are leukocytes, and 2) contrary to most other infections we have examined in human breastfeeding dyads, mastitis is characterized by substantially higher total as well as leukocyte cell contents (19) .
There has been an increasing number of anecdotal reports of diminished and unrecoverable milk production as a result of severe mastitis (103) . In an Australian study, 21% of women who stopped breastfeeding by 6 wk after birth did so due to mastitis (104) . Further, a US study showed that women were 6 times more likely to wean if they had mastitis in the first 3 wk postpartum (105) . Clearly, premature cessation of breastfeeding has major implications for both the mother and the infant, particularly if it is unexpected. A diagnostic tool such as measurement of the leukocyte content of breast milk that reliably, consistently, and rapidly assesses breast infection will be of immense value for lactating women, their infants, and associated health professionals. Toward this, ongoing studies are concentrating on further delineating the pathogenesis of mastitis via examinations of the leukocytic and biochemical composition of human milk and associations with clinical symptoms and the severity of mastitis. Given that breast milk cells also include prokaryotes, recent studies have started to evaluate mastitis-driven alterations in the breast milk microbiome, which, together with breast milk leukocytic responses, may lead to a better understanding of the causes of mastitis.
Outlook
Human milk-mediated protection of the infant is long known and has been intensively studied for decades. More recent research is revealing that breast milk leukocytes play a major role in affording maternal and infant protection from infection. Further, they are distinct from their blood counterparts, specifically adjusted for their transfer, integration, and function in the infant. They not only provide ongoing immunologic support to the infant, but also respond to infections, aiding recovery. This further supports the important protective role of human milk, particularly in areas where mothers and infants do not have ready access to medicine, such as in developing countries. In these situations, breastfeeding-mediated protection, which is dynamic and adjusts to the infant's needs, is often a determining factor for infant recovery and survival. The knowledge of breast milk leukocytes summarized in this review supports public policy on early infant nutrition highlighting the important role of breastfeeding in maximizing immunologic development and protection of infants against infections. Moreover, new information is now available to examine the mechanisms behind the very low rates of symptomatic cytomegalovirus and HIV disease observed in infants when they are exclusively breastfed by infected mothers, despite their exposure to virus-infected breast milk leukocytes and in contrast with infants who are mixed-fed (106, 107) . At the same time, new tools with the use of breast milk leukocytes are starting to be used to diagnose infections of the lactating breast, which may substantially aid effective management of lactation pathologies such as mastitis and enable the continuation of breastfeeding for longer periods, providing maximal health benefits to both the mother and the infant.
